The method by which sodium nitrite may act to prevent germination or outgrowth, or both, of heat-injured spores in canned cured meats was investigated by using Clostridium perfringens spores. Four possible mechanisms were tested: (i) prevention of germination of the heat-injured spores, (ii) prior combination with a component in a complex medium to prevent germination of heat-injured spores, (iii) inhibition of outgrowth of heat-injured spores, and (iv) induction of germination (which would render the spore susceptible to thermal inactivation). Only the third mechanism was effective with the entire spore population when levels of sodium nitrite commercially acceptable in canned cured meats were used. Concentrations of 0.02 and 0.01% prevented outgrowth of heat-sensitive and heat-resistant spores, respectively. Nitrite-induced germination occurred with higher sodium nitrite concentrations.
Although sodium nitrite plays an important role in the preservation of canned cured meats, the actual mechanism by which it prevents spoilage is obscure. It is believed that the stability of these meat products is due to the ability of the curing salts, sodium nitrite and sodium chloride, to block some stage in the outgrowth or germination, or both, of the indigenous bacterial spores which have been heat-injured by the brief thermal processing that these canned meats undergo. The mild thermal processing presumably renders the spores more sensitive to the curing salts; however, the transitional stages of spore germination or outgrowth, or both, at which sensitization occurs remainunclear.
Sodium nitrite, when heated in a laboratory medium, forms a bacterial inhibitor which has been found to be highly effective in preventing the growth of several clostridial species (11, 12) .
However, recent evidence indicates that such an inhibitory product may not be active in cured meat products (9) . It is known that commercially acceptable concentrations of sodium nitrite may interfere with the growth of bacterial cells (2) . Another postulated role of sodium nitrite in the preservative system of cured meats may be its ability to induce spore germination, thus making the spores susceptible to subsequent heat processing (4 Viable counts of heat-injured spores were made by means of pour plates by using TSN agar (10) . Incubation was at 37 C for 24 hr (strain FD1) or 48 hr (strain NCTC 8798) under a gas mixture of 90% nitrogen and 10% carbon dioxide.
RESULTS
Four mechanisms for possible inhibition of microbial growth from spores by sodium nitrite were investigated. These included (i) prevention of germination of heat-injured spores in a complex medium, (ii) prevention of germination of heatinjured spores in a complex medium by an inhibitory product formed by prior combination of sodium nitrite with a component in the medium during autoclaving, (iii) inhibition of outgrowth of heat-injured spores, and (iv) induction of germination (which would render the spore susceptible to thermal inactivation).
Inhibition of germination. The effect of adding sodium nitrite to a complex medium before or after autoclaving (15 min at 121 C) on the germination of heat-injured or non-heat-injured FD1 spores is shown in Fig. 1 . At pH 7 and at sodium nitrite concentrations less than about 0.3%, heatinjured spores were more susceptible to inhibition of germination by nitrite regardless of whether nitrite was added before or after autoclaving. Addition of sodium nitrite before autoclaving the medium did not reduce the per cent germination of heat-injured spores, as compared to the germination obtained when nitrite was added after autoclaving. However, germination of non-heatinjured spores was reduced when nitrite was added before autoclaving. At pH 6, the results were nearly the reverse of those obtained at pH 7.0. At ably due primarily to species differences. Con- Heat-injured FD1 spores were much more sensitive to nitrite than non-heat-injured spores, with a concentration of 0.02% preventing outgrowth at pH 6 and 0.1% preventing outgrowth .10-_at pH 7 ( Similar experiments were conducted with NCTC 8798, a heat-resistant strain. This strain was more sensitive to nitrite than was FD1; concentrations of 0.02 and 0.3 % were required for inhibition of outgrowth of non-heat-injured spores at pH 6 and 7, respectively (Fig. 4) . As with strain FD1, heat-injured spores were more susceptible to inhibition of outgrowth by sodium nitrite both at pH 6 (0.01%) and pH 7 (0.04%; Fig. 5 Fig. 2 , except for the concentrations of sodium nitrite used. 
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a Germination mixtures contained 1% NaNO2 and 33 mm phosphate buffer. Germination was determined after 1 hr of incubation.
allowable concentration in canned cured meats. Slight decreases in OD in the control tubes were observed at 75 and 90 C after 24 hr. Microscopic examination of these controls revealed spores with a phase-dark periphery but a refractile core. It is unlikely that most of these spores remained viable since this strain, FD1, is itself heat-sensitive with a D9o equal to about 15 mi.
It may be concluded that, although sodium nitrite may induce bacterial spore germination, concentrations that are commercially acceptable will not.
DISCUSSION
The method by which sodium nitrite may act to prevent microbial growth of heat-injured spores in canned cured meats was investigated by using C. perfringens. Four possible mechanisms were tested: (i) prevention of germination of heatinjured spores, (ii) prior combination with a component in a complex medium to prevent germination of heat-injured spores, (iii) inhibition of outgrowth of heat-injured spores, (iv) induction of germination (which would render the spore susceptible to subsequent heat treatments).
When sodium nitrite is heated in a complex medium, it combines with some component in the medium to yield an unknown but extremely potent inhibitory agent; e.g., autoclaving 3.5 ,ug/ ml (0.00035%) in a medium for 20 min at 109 C produces enough inhibitor to inhibit 8 X 106 vegetative cells in 50% of the trials (12) . This product has been shown to be effective against vegetative cells of several Clostridium species (11) . However, the present results indicate that, even when using concentrations of sodium nitrite up to 10 times greater than commercially acceptable levels, the inhibitory agent, if indeed produced, is not effective in preventing initiation of germination of most of the intact or heat-injured C. perfringens spores. For instance, at pH 6, about 0.5% nitrite was required to reduce the per cent germination of heat-injured strain FD1 spores to 50% of the control, whether sodium nitrite was added before or after autoclaving.
It has been found (9) that the inhibitory agent formed by heating nitrite in a complex medium may have little effect in the preservation of canned cured meats. A meat suspension heated with 150 ,ug (0.015%) of sodium nitrite per ml was inhibitory to C. botulinum; however, the inhibition was thought to be due to residual inorganic nitrite since dialysis removed the inhibitory activity. Furthermore, the inhibitory factor produced by heating nitrite in a complex medium could be inactivated by nonfat meat solids.
The Nitrite-induced germination has been observed with several organisms. We confirmed its occurrence with C. perfringens. High temperature, low pH, and high sodium nitrite concentrations yielded optimal germination. Undissociated nitrous acid presumably was the effective agent. Duncan and Foster (4) postulated that the phenomenon of nitrite-induced germination may be involved in the stability of the preservative system. Once germinated by sodium nitrite, the spores would be destroyed by the heat treatment rendered the particular product. This seems unlikely, since, in the present experiments, germination was not obtained after 1 hr at 90 C with as much as 0.02% sodium nitrite, the maximum concentration allowable in commercial use. Whether spores of other organisms would be similarly affected is not known.
An important factor in the safety and stability of canned cured meats which must be mentioned is that of cell numbers (13) . In the present experiments, concentrations of about 107 spores per ml were used; this is much greater than the actual spore load in meats. Concentrations of sodium nitrite lower than those used here may have been equally effective against germination and outgrowth had we employed a smaller number of spores.
In these experiments no attempt was made to investigate the additive effect that a combination of sodium chloride plus sodium nitrite might have in inhibiting growth from spores. Conceivably, the combined inhibitory effect would be greater than that reported for nitrite alone.
